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（M=Mn, Fe, Co, Ni, et al）与富镍层状氧化物 Li[Ni1-x-yCoxMny]O2（1-x-y≥0.5）因











2.00~4.80 V范围内，首周 0.1C 下能够释放 250.8 mAh/g的放电比容量，同时首
周不可逆容量为 87.3 mAh/g。在 81周后，该材料的容量保持率为 86%，但它在
长期循环过程中存在着明显的“电压衰减”。采用原位 X 射线衍射技术对该材

























2) 通过水溶蒸发法制备得到的 Li1.22Ni0.10Co0.13Mn0.55O2 正极材料，采用 X
射线衍射结合高分辨透射电子显微镜技术，验证了这种材料的固溶体组分——层



























































































Power market is one of the major bodies which could result in serious carbon 
emissions. Searching for sustainable green energy storage system to replace fossil 
energy is one of the main driving force in the world environmental economy nowadays. 
At present, lithium ion battery (LIB) has dominated in the portable electronic equipment 
market. However, the current LIB can’t meet the output power and cycle life 
requirement of high power allocation. Therefore, it is necessary to develop cathode 
materials with high performance. Lithium-rich manganese-based (LRMB) 
xLi2MnO3·(1-x)LiMO2 (M=Mn, Fe, Co, Ni, et al) and nickel-rich layered (NRL) oxide 
Li[Ni1-x-yCoxMny]O2 (1-x-y≥0.5) can release capacity of over 200 mAh/g at high 
voltage (>4.50 V, vs. Li/Li+), which can meet the criteria. However, under such 
circumstance, LRMB materials would not only suffer from mass irreversible capacity 
loss at the first cycle, but bear “voltage fade” during subsequent cycles, which causes 
decline to the energy density directly. At high voltage, NRL materials would suffer from 
severe “capacity fade” facing impact of electrolyte side reactions. Meanwhile, the 
interfacial stability could be compromised. These defects are the major restrictions to 
their practical application. In recent years, considerable research has been focused on 
the structural and kinetic changes of LRMB and NRL materials for the first cycle, but 
few of them are conducted under in-situ condition, not to mention the application of 
combined in-situ technique. This thesis aims at in situ measurements with careful 
transmission electron microscope (TEM) observation, from the perspective of studying 
mechanism, hoping to cast new insights into the degradation of LRMB and NRL 
materials and provide some instructions for their further improvement: 
1) Li1.23Ni0.09Co0.12Mn0.56O2 was prepared through aqueous solution-evaporation 
route. According to X-ray diffraction (XRD) test, its crystal structure was clearly 
featured by superlattice. In terms of electrochemical performances, it could release 

















Its capacity retention could reach 86% after 81 cycles. However, it suffered from an 
obvious “voltage fade” during subsequent cycles. By means of careful observation into 
the first cycle during the in-situ XRD test, it could be found that a new phase (β-MnO2) 
formed at 4.54 V (vs Li/Li+) charged state. This new phase could transform into layered 
Li0.9MnO2, which would gradually evolve into AB2O4-type spinel structure. The 
formation of spinel phase could not only cause instability and disorder to the parent 
structure, but make LRMB present spinel-like electrochemical behavior, which is 
featured by the dropping of average discharge voltage. 
With the help of in-situ XRD measurement and lower-rate charge, the formation 
of β-MnO2 during the first charge was observed in Li1.23Ni0.09Co0.12Mn0.56O2. This 
structural change further confirms the process in which Li2MnO3 decomposes to MnO2 
at voltage plateau (~4.54 V) of the first charge. β-MnO2 would eventually transform 
into AB2O4-type spinel phase, which could later cause “voltage fade”. The results could 
be useful to suppress “voltage fade” and enhance cycle life of LRMB materials. 
2) Through XRD and high-resolution TEM (HRTEM), Li1.22Ni0.10Co0.13Mn0.55O2, 
which was prepared by aqueous solution-evaporation, was confirmed to be a solid 
solution with two components—layered α-NaFeO2-type LiMO2 and monoclinic 
Li2MnO3. For the purpose of understanding microstructural evolution and lithium ions 
diffusion kinetics, a combined in-situ measurement consisting of in-situ XRD and 
potentiostatic intermittent titration technique (PITT) was established to study two 
factors—crystal lattice-parameters and lithium ions diffusion coefficient (DLi+ ) at 
different step voltages of the first cycle. Correlating both factors, it can be obviously 
observed that the lithium ions diffusion dynamics was severely poor at the plateau 
voltage where the lattice-parameters changed dramatically inside microstructure. Based 
on these results, it can be deduced that the migration activity of lithium ions could be 
restricted by oxygen loss (charge compensation of lithium ions extraction at plateau 
voltage), shrinkage of tetrahedral space and massive disorder of nickel ions in Li layers. 
Moreover, according to the correlation between disorder degree of nickel ions in Li 
layer and changes in DLi+ value, it can be speculated that the valence and position of 

















3) In order to have a detailed understanding into microstructural evolution of 
LRMB materials, HRTEM, XRD and galvanostatic intermittent titration technique 
(GITT) were respectively applied to the first charge of Li1.2Ni0.12Co0.15Mn0.53O2. After 
observation and analysis to the particle surface of material at several charged states, it 
can be found that the defect spinel phase basically appeared at the areas with severe 
crystal defects. This speculation can be evidenced by the Williamson–Hall type 
microstress from Rietveld XRD refinement. At 4.70 V charged state, the Inverse Fast 
Fourier Transform (IFFT) graph presents structural transformation from an O3-type 
rhombohedral phase to a spinel cubic framework forced by stressful squeezing. The 
changes in occupation of lithium and manganese ions in the tetrahedral sites (Litetra and 
Mntetra), and 𝐷𝐿𝑖+ value at corresponding states indicate two forms in the O3-spinel 
transition: “Li–Mn dumbbell” and spinel nucleus. 
These results not only indicate a possible internal relationship between spinel 
phase and microstress, but also provide a suppressing method to the formation of spinel 
framework—intensifying particle surface protection. 
4) LiNi0.5Co0.2Mn0.3O2 as cathode material can exhibit discharge capacity of 200 
mAh/g at over 4.30 V. However, this kind of NRL material would suffer from serious 
capacity degradation. To determine the cause of this fading, a new multi-technical in-
situ measurement, which is the combination of in-situ XRD, PITT and electrochemical 
impedance spectroscope (EIS), was set up to fully study the first cycle of 
LiNi0.5Co0.2Mn0.3O2 material. The results indicate that cubic NiMn2O4, which could 
block the lithium ion diffusion process from inner lattice to the surface, appeared on 
both surface and bulk of LiNi0.5Co0.2Mn0.3O2 material after charging to high voltage 
(>4.50 V). According to the first principle calculations, the formation of spinel 
framework can be allowed and facilitated due to high voltage and microstress in terms 
of cationic migration energetical barrier. Meanwhile, the corrosion holes, microcracks, 
layer faults and dislocations observed by HRTEM could make lithium ions 
transportation more difficult. The decrease of interfacial film impedance at high voltage 
indicates the instability of the interface. After 50 cycles, the appearance of low-angle 

















lithium ions kinetic performance. This deterioration in kinetic performance would turn 
into capacity loss during subsequent cycles. On the other hand, the formation of 
tetragonal LiOH could harm the chemical stability of the material and break the local 
pH balance. 
The three combined in-situ method (in-situ XRD-PITT-EIS) in this experiment 
was employed to study the first cycle of LiNi0.5Co0.2Mn0.3O2 material from the 
perspective of microstructural changes, lithium ions kinetics and interfacial stability. 
Based on detailed data and density functional theory, evidence of microstructural 
transformation and a new insight into capacity fade of NRL material at high voltage can 
be acquired. This new multi-technical in-situ method can not only help us analyze the 
materials’ electrochemical behavior from diverse dimensions but also provide profound 
understanding to capacity fade of this potential layered materials under high voltage 
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